Introduction: When an orofacial cleft lip is discovered, precise characterization of
| INTRODUC TI ON
During a routine second-trimester ultrasound scan, visualization of the fetal nose, nostrils, and lips is mandatory, according to different ultrasound society recommendations, in order to assess the normal fetal face.
1,2 When an orofacial cleft lip is discovered, precise characterization of this malformation is necessary and especially the extension of this cleft to the secondary palate.
Assessing the secondary fetal palate can be performed through a two-dimensional (2D) ultrasound technique 3, 4 or by the use of multiplanar or tomographic reconstructions provided by threedimensional (3D) ultrasonography.
5-13
Even if these different 2D or 3D methods enable good images of the fetal posterior palate to be obtained, it appears that the diagnostic accuracy of orofacial cleft lip and palate remains very low.
In a recent systematic review, Maarse et al 14 found a large discrepancy among studies with prenatal detection rates ranging from 9%
to 100% for cleft lip with or without cleft palate, 0% to 22% for cleft palate only, and 0% to 73% for all types of cleft using 2D ultrasound imaging. Using 3D imaging the detection rate reached 100% for cleft lip, 86%-90% for cleft lip with palate and 0%-89% for cleft palate only.
Regarding the visualization of the secondary palate, the main reasons for failure advocated by sonographers are not only the difficulty of obtaining a clear image of the palate, but also ensuring that the palate structure is correctly identified. Recently, we published a study demonstrating that visualization of the fetal hard palate through an axial transverse 2D view was feasible in 95% during routine second-trimester scans. 4 The aim of this study was to develop and evaluate the feasibility and reproducibility of a score-based quality control for the visualization of the fetal hard palate during second-trimester scans using a strict axial transverse anatomical view with appropriate landmarks.
| MATERIAL AND ME THODS

| Population
After obtaining patient consent for ultrasound examination, as rec- 
Key Message
Our easy computed scoring system enables assessment of the fetal secondary palate during second-trimester ultrasound with precise anatomical landmarks. This score has an excellent inter-reviewer reproducibility and a strong to excellent intra-observer reproducibility. The diffusion of this quality score would make it possible to improve the detection of abnormalities of the posterior fetal palate in prenatal ultrasound.
The visualization of one or both pterygoid processes was worth 2 points. In the absence of visualization of the processes, the criterion was rated 0 point. The 2 minor criteria were visualization of the complete maxilla and the axis of insonation. For the dental arch, the visualization of the complete maxilla with alveolar ridge and tooth buds was worth 1 point. A lack of visualization of this one rated 0 point. Regarding the axis of insonation of the palate bone with respect to the horizontal; 1 point was assigned if the axis of the palate was horizontal or < 30° with respect to the horizontal. In the case of an angle > 30° with respect to the horizontal the criterion was rated 0 point. An example of a proper image of the fetal hard palate is presented in Figure 3 . The total score therefore varied from 0 to 6 points. After multidisciplinary discussion, the pediatric maxillofacial surgeon and prenatal diagnosis sonographers have agreed that a score ≥ 4 could be classified as "satisfactory", and that a score strictly < 4 should be classified as "insufficient".
Among the 311 second-trimester ultrasound scans identified during this period, 100 examinations were randomly selected, anonymized, and included in this study. Each selected woman, before anonymization, was contacted and her consent for participating in the study was obtained. For each of these 100 examinations, only the ultrasound image of the 2D fetal hard palate was retained for the study, thus obtaining a file of 100 2D images of anonymized fetal palates. The 100 images of the fetal palate were then projected on a wide screen during one session, to 2 reviewers (A and B), for an independent evaluation using an objective scoring method (inter-observer reproducibility). These 2 reviewers were experienced ultrasound operators, who had neither obtained the images nor participated in building the anatomical score.
In order to evaluate the intra-observer reproducibility, 30 images
were scored a second time by the reviewer B in a random order so that he could not remember the notes he had previously attributed (intra-observer reproducibility of B). After birth, every scanned fetus was examined by a pediatrician, to testify the normality of the fetal palate.
Variables were described as mean ± standard deviation or median (first to third quartile) or n (%) according to the type of parameter studied and its distribution. Inter-observer variability was tested as follows: the mean scores attributed by each reviewer were compared using a Student paired t test. The correlation of scores given by the 2 reviewers was calculated using
Pearson correlation coefficient and the difference in scoring was assessed by using the Bland-Altman method and plot. Intra-reviewer B variability was assessed using the same method.
Results were considered significant when P < .05. Statistical analysis was performed using SAS software version 9 (SAS Institute, Cary, NC, USA).
| Ethical approval
This study received ethics approval from the Ethics Committee for
Research in Obstetrics and Gynecology (CEROG) under the notification number CEROG OBS 2018-01-13. Table 1 . Values were always > 0.8 for all 4 criteria, corresponding to an excellent agreement. In 90% of cases, the total scores were identical between the 2 reviewers. Reviewers A and B rated the images as inadequate quality (score < 4) in 23%-25% of the cases and of good quality (score ≥ 4) in 75%-77% of the cases (Table 2A) (posterior palate, pterygoid processes, maxilla) and was 0.71 or a satisfactory agreement for "Axis criterion". In 86.7% of the cases, the total scores were identical between the 2 notations of evaluator B.
Of the 2 independent ratings, evaluator B classified the images as inadequate (score < 4) in 20%-23.3% cases and of good quality (score ≥ 4) in 76.7%-80% cases (Table 2B) . The κ coefficient, between poor scores or good scores with the 2 notations was 0.90 (95% CI 0.71-1.00), corresponding to an excellent agreement.
| D ISCUSS I ON
We describe a simple score based on four criteria that allows identification of the fetal hard palate and the different anatomical structures adjacent to it. Besides the fetal palate itself, the two other anatomical landmarks, the dental arch and the pterygoid processes, were visualized in 98% and 50% of the cases, respectively. The latter allows us to assert that the hyperechogenic plate visualized on the 2D section is indeed the fetal palate and not another structure, such as the tongue. Our study has also demonstrated that this simple score is reproducible with an excellent inter-reviewer agreement and a strong to excellent intra-reviewer agreement.
Image scoring in prenatal ultrasound was first introduced as the corner stone of quality control of nuchal translucency measurements at 11-14 weeks of gestation 21, 22 and was also proposed for controlling biometric images. 23, 24 The main aims of ultrasound scoring systems are to detect fetal abnormalities and to help the sonographer to obtain an appropriate image of the anatomical structure investigated. We demonstrated that obtaining the image of the posterior palate is feasible, and using a scoring system increases the ability to assess the normality of the fetal hard palate. The excellent agreement confirmed the reproducibility of this technique. Indeed, two-thirds of the images were classified as of good quality, showing that both sonographer and reviewer identified the appropriate landmarks of the palate. The criteria included in the score correspond to mandatory landmarks defining the appropriate anatomical plan of the posterior palate. Moreover, this scoring system is easy to calculate and easy to remember, like the Herman score. 22 We are aware that the first main criterion included in the score corresponds to the fetal hard palate itself; so it could be argued that if this image is produced, it is sufficient to confirm the normality of the hard palate. However, many structures such as the tongue or the basilar part of the occipital bone may be falsely taken as the hard palate bone.
Therefore, we included other anatomical landmarks in the score, such as the dental arch and the pterygoid processes, to be sure that it was really the palate bone that was pictured. Therefore, we can conclude that visualization of the palate bone horizontal plate is a necessary but not sufficient condition, to be sure that the fetal hard palate is normal. Therefore, missing the diagnosis of cleft palate would lead to a reduction in the prenatal detection of fetal anomalies, especially those associated with fetal malformation or chromosomal abnormalities.
In addition to the isolated or associated nature of this malformation, knowledge of a prenatal cleft palate, even in the absence of cleft lip, is necessary to provide appropriate prenatal advice. As soon as a cleft palate is diagnosed, the couple should be referred to a multidisciplinary prenatal team that will organize a detailed morphological ultrasound to classify the cleft and look for possible associated malformations and will also propose an invasive sampling after genetic counseling. Parents should be given explanations about the pathogenesis of the malformation, the care to be given to their child at birth and the scheduled treatment plan. 31 Knowledge of cleft palate also allows for prenatal surgical consultation, where the postnatal surgical protocol of the child will be explained. 32 The prenatal identification of the cleft palate would also enable organization of the delivery in a tertiary care center. Indeed, opening of the hard Beyond the clinical and therapeutic aspects, knowledge of cleft palate allows parental guidance by psychologists and child psychiatrists. Psychological support is always indicated, although some patients refuse it. A massive effort is required in mental and emotional terms, not only during the initial moments after the diagnosis, but throughout pregnancy and after the birth.
33,34
Our study has several limitations. We did not evaluate this ultrasound technique for earlier or later gestational ages. Therefore, no 
| CON CLUS ION
Our study described an easy computing scoring system to assess the fetal posterior palate during second-trimester ultrasound. This score has an excellent inter-reviewer reproducibility and a strong to excellent intra-observer reproducibility. Hence, the diffusion of this quality score would make it possible to improve the detection of abnormalities of the posterior fetal palate in prenatal ultrasound.
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